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Abstract

急速な都市化によって多くの環境問題
を抱えこんだ北京。最新の観測データ
を用い、都市化の進行に伴うヒートア
イランド現象の深刻さを解明する。

:HL�&KHQ���<DR�=KDQJ���:HLMXQ�*DR�
��3K'��*UDGXDWH�6FKRRO�RI�(QYLURQPHQWDO�(QJLQHHULQJ��7KH�
8QLYHUVLW\�RI�.LWDN\XVKX�
��3K'��*UDGXDWH�6FKRRO�RI�(QYLURQPHQWDO�(QJLQHHULQJ��7KH�
8QLYHUVLW\�RI�.LWDN\XVKX�
��3URIHVVRU��)DFXOW\�RI�(QYLURQPHQWDO�(QJLQHHULQJ��7KH�
8QLYHUVLW\�RI�.LWDN\XVKX

Impacts of urbanization on surface urban heat island 
in Beijing, China

1. Introduction
:LWK�WKH�UDSLG�GHYHORSPHQW�RI�HFRQRPLHV��WKH�VXV-
WDLQHG�JURZWK�RI�WKH�SRSXODWLRQ��WKH�IDVW�XUEDQL]D-
WLRQ�DQG�PRGHUQL]DWLRQ��D�QXPEHU�RI�WKH�PHWURSROLV�
KDYH�HPHUJHG�LQ�WKH�ZRUOG��$V�&KLQD¶V�FDSLWDO�FLW\��
WKH�VFDOH�DQG�SURFHVV�RI�XUEDQL]DWLRQ�LQ�%HLMLQJ�LV�
UHPDUNDEOH��HVSHFLDOO\�DIWHU�WKH�&KLQHVH�HFRQRPLF�
UHIRUP� LQ� UHFHQW� GHFDGHV��0RUHRYHU�� KLJK� UDWH� RI�
XUEDQL]DWLRQ�DOVR�FRQWULEXWHV� WR� WKH�FKDQJH�RI� WKH�
OLYLQJ�HQYLURQPHQW�VXFK�DV�JOREDO�ZDUPLQJ��XUEDQ�
KHDW� LVODQG�� DLU� SROOXWLRQ�� HWF�� 2QH� RI� WKH� PDMRU�
LPSOLFDWLRQV�RI�XUEDQL]DWLRQ� LV� LQFUHDVH�RI�VXUIDFH�
WHPSHUDWXUH�DQG�GHYHORSPHQW�RI�XUEDQ�KHDW�LVODQG��
)RU� WKLV� UHVHDUFK�� WKH�DQDO\VLV�ZDV�IRFXVHG�RQ� WKH�

SURFHVVLQJ�RI�XUEDQL]DWLRQ�DQG�WKH�VLWXDWLRQ�RI�XUEDQ�
KHDW�LVODQG�LQ�%HLMLQJ�
� $V�PHQWLRQHG� EHIRUH�� WKLV� VWXG\�ZDV�PDGH� XS�
ZLWK�WZR�DVSHFWV��WKH�XUEDQL]DWLRQ�LQYHVWLJDWLRQ�DQG�
WKH�XUEDQ�KHDW�LVODQG�HIIHFW�VXUYH\��)RU�WKH�XUEDQL]D-
WLRQ�SDUW��WKH�LQYHVWLJDWLRQ�ZDV�FDUULHG�RXW�E\�DQD-
O\]LQJ�WKH�RI¿FLDO�VWDWLVWLFV�DQG�WKH�'063�2/6��WKH�
RI¿FLDO�VWDWLVWLFV�SURYLGH�WKH�GHYHORSPHQW�RI�XUEDQ-
L]DWLRQ� VLWXDWLRQ� IURP� WZR� UHSUHVHQWDWLYH� DVSHFWV��
SRSXODWLRQ�DQG�WKH�HFRQRPLFV��WKH�QLJKW�WLPH�OLJKW�
ZDV�DSSOLHG�WR�VWDQG�IRU�WKH�XUEDQL]DWLRQ�OHYHO�DQG�
WKH�XUEDQ�ODQG�XVH�E\�QHFHVVDU\�GDWD�SURFHVVLQJ�DQG�
FODVVL¿FDWLRQ��$QRWKHU�LPSRUWDQW�DVSHFW�RI�WKLV�VWXG\�
LV�WKH�XUEDQ�KHDW�LVODQG�HIIHFW�VXUYH\��UHPRWH�VHQVLQJ�

As the capital of China, Beijing has become a world city after decades of development. Urbanization in 
Beijing has brought not only many benefits for the residents but also kinds of environmental problems to 
the city. It is necessary and meaningful to have a comprehensive investigation of the urban situation in 

Beijing. In addition, with the development and wide application in urban studies, the remote sensing technology was 
put into use as a significant tool in this study which including DMSP-OLS and Landsat TM/ETM.
 This study was made up with two aspects: the urbanization investigation and the urban heat island effect survey. 
For the first part, the investigation was carried out by the correlation analysis with the official statistics and the 
night time light series images from DMSP-OLS. Another important aspect of this study is the urban heat island 
effect survey, the Landsat TM/ETM data in 1995 and 2009 was processed to provide the vegetation coverage and 
land surface temperature distribution in the study region. By using the correlation analysis and regression analysis, 
the comprehensive understanding of the phenomenon of urban heat island in Beijing can be got and come to a 
conclusion.

Keywords  urbanization, urban heat island, DMSP/OLS, Landsat, land surface temperature
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GDWD�IURP�/DQGVDW�70�(70�LPDJH�LQ������DQG������
ZDV� DSSOLHG� WR� SURYLGH� WKH� VLWXDWLRQ� RI� YHJHWDWLRQ�
FRYHUDJH�DQG�ODQG�VXUIDFH�WHPSHUDWXUH�GLVWULEXWLRQ�LQ�
WKH�VWXG\�UHJLRQ��'XULQJ�WKH�VXUYH\�IRU�WKH�XUEDQ�KHDW�
LVODQG��WKUHH�GLIIHUHQW�NLQGV�RI�DQDO\VLV�PHWKRGV�ZHUH�
FDUULHG�RXW� WR�JHW� FRPSUHKHQVLYH� LQIRUPDWLRQ� IURP�
GLIIHUHQW�VFDOHV�ZKLFK�ZHUH��WKH�UDVWHU�JULG�DQDO\VLV��
WKH�UHJLRQDO�DQDO\VLV�DQG�GLVWULEXWLRQ�DQDO\VLV�
� 7KH� REMHFWLYH� RI� WKLV� UHVHDUFK�� WKH� SXUSRVH� RI�
WKH� LQYHVWLJDWLRQ� LV� WR�JHW�D�FRPSUHKHQVLYH�XQGHU-
VWDQGLQJ�RI�ZKDW�KDG�KDSSHQHG�WR�WKH�FLW\��SURSRVH�
VXJJHVWLRQ�DQG�DGYLFH�IRU�PRUH�EDODQFHG�DQG�HQYL-
URQPHQWDOO\�IULHQGO\�GHYHORSPHQW�LQ�WKH�IXWXUH�

2. Study area and research method
2.1 Study Area
,Q�WKLV�UHVHDUFK��WKH�SDUW�RI�LQYHVWLJDWLRQ�RI�XUEDQL]D-
WLRQ�ZDV�SURFHHG�ZLWKLQ�WKH�ZKROH�DUHD�XQGHU�DGPLQ-
LVWUDWLRQ�RI�%HLMLQJ��KRZHYHU��WKH�SDUW�RI�XUEDQ�KHDW�
LVODQG�VXUYH\�ZDV�SURFHHG�RQO\�ZLWKLQ�WKH�XUEDQ�DUHD�
ZKLFK�ZDV� UHSUHVHQWHG�E\� WKH� DUHD�ZLWKLQ� WKH��WK�
ULQJ�URDG�WR�KDYH�D�FOHDU�UHVXOW�LQ�WKH�GRZQWRZQ�

� 6\QWKHWLFDOO\��WDNHQ�WKH�VWDWLVWLFDO�GDWD�FROOHFWLRQ�
DQG�UHPRWH�VHQVLQJ�GDWD�IHDWXUHV�LQWR�FRQVLGHUDWLRQ��
WKH� VWXG\� SHULRG� LQ� WKLV� UHVHDUFK� LV� IURP� ����� WR�
�����

����5HVHDUFK�PHWKRG
$V�WKH�¿JXUH�RI� UHVHDUFK�ÀRZ�VKRZV�� WKH�DQDO\VLV�
ZDV�FDUULHG�RXW�VWHS�E\�VWHS��7KH�RI¿FLDO�VWDWLVWLFV�
FRQWDLQ� WZR� DVSHFWV�� SRSXODWLRQ� DQG� HFRQRPLFV��
WKH�QLJKW� WLPH� OLJKW� LPDJHV� IURP�'063�2/6�ZDV�
DSSOLHG� WR�JHW� WKH� ODQG�XVH�FKDQJH� LQIRUPDWLRQ�E\�
FODVVLI\LQJ�RI�WKH�LPDJH�DQG�WKH�XUEDQL]DWLRQ�OHYHO�
ZLWK�DYHUDJH�YDOXH�RI�GLJLWDO�QXPEHU�� WKH�/DQGVDW�
LPDJHU\�ZDV�XVHG�WR�JHW�WKH�ODQG�VXUIDFH�WHPSHUD-
WXUH �/67��DQG�WKH QRUPDOL]HG GLIIHUHQFH�YHJHWDWLRQ�
LQGH[ �1'9,��
� 7KH� DQDO\VLV� PHWKRGV� LQ� WKLV� UHVHDUFK� LQFOXGe 
GDWD� SURFHVVLQJ�� FRPSDUDWLYH� DQDO\VLV�� UDVWHU� JULG�
DQDO\VLV��UHJLRQDO�DQDO\VLV��DQG�GLVWULEXWLRQ�DQDO\VLV��
7KH�¿UVW�WZR�NLQGV�RI�DQDO\VLV�PHWKRGV�ZHUH�FDUULHG�
RXW�IRU�WKH�LQYHVWLJDWLRQ�RI�XUEDQL]DWLRQ�LQ�%HLMLQJ��
ZKLOH�WKH�UHPDLQLQJ�WKUHH�PHWKRGV�ZHUH�WKH�LPSRU-
WDQW�SURFHVVHV�WR�JHW�WKH�XUEDQ�KHDW�LVODQG�VXUYH\�

Fig. 1  Research Flow
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3. Investigation of the urbanization in 
Beijing

����,QWURGXFWLRQ�RI�'063�2/6
'063�2/6��ZKRVH� IXOO� QDPH� LV�'HIHQVH�0HWHR-
URORJLFDO� 6DWHOOLWH� 3URJUDP�2SHUDWLRQDO�/LQH�VFDQ�
6\VWHP�� WKH�SURGXFWV� IURP� LW�ZHUH�ZLGHO\�XVHG� LQ�
XUEDQ� VWXGLHV� DQG� HQHUJ\� RU� SRSXODWLRQ� UHVHDUFK��
2QH�RI�WKH�PRVW�IUHTXHQWO\�XVHG�GDWD�IURP�'063�
2/6�LV�WKH�YHUVLRQ���RI�JOREDO�QLJKW�WLPH�OLJKW�VHULHV��
ZKLFK� SURYLGH� DQQXDO� JOREDO� FRPSRVLWHG� LPDJHU\�
IURP������WR������

3.2 Urbanization by average DN
7KH� LPDJHV� IURP� '063�2/6� DUH� FRPSRVHG� RI�
JULG�EDVHG�DQQXDO�YLVLEOH�EDQG�GLJLWDO�QXPEHU��'1��
UDQJH�IURP���WR�����ZKLFK�VWDQG�IRU�WKH�OLJKW�LQWHQ-
VLW\�RI�WKH�DUHDV��7KH�VDWHOOLWH�GHULYHG�REVHUYDWLRQV�
RI�VWDEOH�DQWKURSRJHQLF� OLJKW�ZDV�XVHG�DV�DQ� LQGL-
FDWLRQ�RI�YDU\LQJ�GHJUHH�RI�GHYHORSPHQW��WKH�DYHU-
DJH�YDOXH�RI�'1�RI�DOO�SL[HOV�ZLWKLQ�WKH�VFRSH�ZDV�
FRQVLGHUHG�DV�DQ�HYDOXDWLRQ�LQGLFDWRU�RI�XUEDQL]DWLRQ�

OHYHO�RI�WKDW�\HDU�ZKLFK�WKH�GDWD�ZDV�JRW��)LJXUH���
VKRZV�SDUW�RI�WKH�UHVXOW�RI�WKH�GLJLWDO�QXPEHU�LQ�%HL-
MLQJ��LQ�ZKLFK�WKH�KLJKHU�YDOXH�RI�WKH�GLJLWDO�QXPEHU�
DUHD�ZDV�GLVSOD\HG� LQWR� UHG� DQG� WKH� FRORU�RI�EOXH�
VWDQGV�IRU�WKH�DUHD�WKDW�KROG�D�ORZHU�YDOXH�RI�GLJL-
WDO�QXPEHU��7KH�FKDQJH�RI�DYHUDJH�YDOXH�RI�GLJLWDO�
QXPEHU�ZDV�VKRZQ�LQ�WKH�)LJXUH���DFFRUGLQJ�WR�WKH�
VWDWLVWLFDO�UHVXOW�

Fig. 2  Night Time Light Series Images from DMSP/OLS

Fig. 3  Statistical Results 
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ZKHUH�1L�LV�WKH�QXPEHU�RI�WKH�SL[HOV�ZKRVH�'LJLWDO�
1XPEHU�YDOXH�HTXDOV�'1L��17RWDO�LV�WKH�WRWDO�QXPEHU�
RI�SL[HOV�ZLWKLQ�WKH�ERXQGDU\�RI�WKH�VWXG\�DUHD�

����8UEDQ�DUHD�H[WHQVLRQ�IURP�'063�2/6
ȍ,W�LV�ZHOO�FHUWL¿HG�WKDW�WKH�'063�2/6�QLJKW�WLPH�
OLJKW�LPDJHV�FRXOG�EH�XVHG�WR�UHSUHVHQW�WKH�VSDWLDO�
H[WHQW�RI�KXPDQ� VHWWOHPHQW�RI� WKH� VWXG\�DUHD�� EXW�
WKH�PRVW�LPSRUWDQW�VWHS�RI�WKH�ODQG�XVH�DQDO\VLV�LV�
WR�HVWDEOLVK�D�FRUUHODWLRQ�EHWZHHQ�WKH�'1�YDOXH�DQG�
WKH�GLIIHUHQW�LQWHQVLWLHV�RI�XUEDQ�GHYHORSPHQW��LQ�WKLV�
VWXG\�� WKH�DUHD�ZDV�GLYLGHG�LQWR�¿YH�W\SHV�RI� ODQG�
XVH�FODVVHV�XVLQJ�LQGLFHV�RI�XUEDQ�FRPSDFWQHVV�
①����'1���QR�GHYHORSPHQW�DUHD�
②���'1����VFDWWHUHG�GHYHORSPHQW�DUHD�
③����'1����VXE�XUEDQ�GHYHORSPHQW�DUHD�
④����'1����FRPSDFW�GHYHORSPHQW�DUHD�
⑤����'1����FHQWUDO�FRUH�DUHD�

� ,Q�DGGLWLRQ�� WKH�SDUW�ZKLFK�'1�YDOXH� LV�JUHDWHU�
WKDQ����ZDV�FRQVLGHUHG�DV�WKH�XUEDQ�DUHD��RWKHUZLVH�
ZRXOG�EH�WUHDWHG�DV�WKH�UXUDO�DUHD��7KH�VWDWLVWLFV�RI�
WKH�XUEDQ�DUHD�UDWLR�ZDV�VKRZQ�LQ�WKH�)LJXUH���ZKLFK�
LQFUHDVHG� IURP� ������ LQ� ����� WR� ������ DIWHU� ���
\HDUV�GHYHORSPHQW�

3.4 Urbanization by statistics
$V�D�PDWWHU�RI�IDFW��D�ORW�RI�LQGH[HV�H[LVW�WR�GHVFULEH�
WKH�XUEDQL]DWLRQ�VLWXDWLRQ�RI�D�FLW\��WKH�PRVW�UHSUH-
VHQWDWLYH�DQG�LQWXLWLRQLVWLF�DPRQJ�WKH�DOO�LQGLFDWRUV�
DUH�SRSXODWLRQ�DQG�*'3��7KH�VWDWLVWLFV�RI�WKH�LQGLFD-
WRUV�DUH�DYDLODEOH�IURP�WKH�KRPH�SDJH�RI�WKH�1DWLRQDO�
%XUHDX�RI�6WDWLVWLFV�RI�&KLQD�
� 3RSXODWLRQ�LV�D�FOHDU�H[SUHVVLRQ�RI�WKH�ZKROH�SUR-
FHVV�RI�XUEDQL]DWLRQ��)URP������WR�������WKH�SRSXOD-
WLRQ�RI�%HLMLQJ�LQFUHDVHG�IURP������PLOOLRQ�WR������
PLOOLRQ�� KDV� LQFUHDVHG� ����PLOOLRQ� E\� ����� WLPHV��
0RUHRYHU��WKH�HFRQRPLF�GHYHORSPHQW�OHYHO�WR�VRPH�
H[WHQW� FDQ� GHVFULEHV� WKH� VWDQGDUG� RI� XUEDQL]DWLRQ�
VLWXDWLRQ��7KH�*'3�RI�%HLMLQJ�KDG�DQ�XQEHOLHYDEOH�

Fig. 4  Correlation 
Analysis of Urbanization
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JURZWK�GXULQJ� WKH�SHULRG�E\� DQ� LQFUHDVH�RI�������
WLPHV��IURP�������ELOOLRQ�&1<�LQ������EXW�UHDFKHG�
�������ELOOLRQ�&1<�DW������
� )LJXUH���VKRZV�WKH�FRUUHODWLRQ�DQDO\VLV�EHWZHHQ�
WKH�GDWD�IURP�WKH�UHPRWH�VHQVLQJ�REVHUYLQJ�DQG�WKH�
RI¿FLDO� VWDWLVWLFV��:LWK� KLJK� YDOXH� RI� FRUUHODWLRQ�
FRHI¿FLHQW�� WKH� UHVXOW� SURYHG� D� FORVH� UHODWLRQVKLS�
EHWZHHQ�WKH�SRSXODWLRQ��*'3�DQG�WKH�XUEDQL]DWLRQ�
FRQGLWLRQ�SURYLGHG�E\�'063�2/6�

4. Urban heat island by Landsat
����,QWURGXFWLRQ�RI�WKH�/DQGVDW�70�(70�
7KH�/DQGVDW�3URJUDP�LV�WKH�ORQJHVW�UXQQLQJ�H[HUFLVH�
LQ�WKH�FROOHFWLRQ�RI�PXOWLVSHFWUDO��GLJLWDO�GDWD�RI�WKH�
HDUWK¶V�VXUIDFH�IURP�VSDFH��7KH�LPDJHV�DFTXLUHG�E\�
WKH�LQVWUXPHQWV�RQ�WKH�/DQGVDW�VDWHOOLWHV��DUH�XQLTXH�
UHVRXUFHV� IRU�JOREDO� FKDQJH� UHVHDUFK�DQG�DSSOLFD-
WLRQV�LQ�DJULFXOWXUH��JHRORJ\��IRUHVWU\��UHJLRQDO�SODQ-
QLQJ��HGXFDWLRQ�DQG�QDWLRQDO�VHFXULW\�
� $� 7KHPDWLF�0DSSHU� �70�� LV� RQH� RI� WKH� HDUWK�
REVHUYLQJ�VHQVRUV�LQWURGXFHG�LQ�WKH�/DQGVDW����70�
LPDJHV�FRQVLVW�RI�VHYHQ�VSHFWUDO�EDQGV�ZLWK�D�VSD-
WLDO�UHVROXWLRQ�RI����PHWHUV�IRU�%DQGV���WR���DQG����
6SDWLDO� UHVROXWLRQ�IRU�%DQG����WKHUPDO� LQIUDUHG�� LV�
DFTXLUHG�DW�����PHWHU�UHVROXWLRQ��7KH�70�,PDJH�KDV�
EHFRPH�XVHIXO�WRRO�WR�VWXG\�JOREDO�ZDUPLQJ��FOLPDWH�
FKDQJH�DQG�XUEDQ�KHDW� LVODQG��(QKDQFHG�7KHPDWLF�
0DSSHU�3OXV��(70����ZKLFK�LV�NQRZQ�DV�D�VXFFHV-
VRU�RI�70��ZDV�FDUULHG�E\�WKH�VDWHOOLWH�RI�/DQGVDW����
7DEOH���VKRZV�WKH�GHWDLOHG�LQIRUPDWLRQ�RI�WKH�FRO-
OHFWHG�GDWD�LQ������DQG������IURP�WKH�/DQGVDW�SUR-
JUDP�

Table. 1 Information of the Collected Data

���� ����

/DQGVDWVFHQH�,' /7������������
��+$-��

/(�������������
�6*6��

6WDWLRQ�,' +$- 6*6
6SDFH�&UDIW�,' /DQGVDW�� /DQGVDW��
6HQVRU�,' 70 (70�

'DWD�$FTXLUHG ���������� ����������
6FHQH�&HQWHU�

7LPH �������� ��������

����'HULYDWLRQ�RI�1'9,
7KH� 1RUPDOL]HG� 'LIIHUHQFH� 9HJHWDWLRQ� ,QGH[�
�1'9,��LV�D�PHDVXUH�RI� WKH�DPRXQW�DQG�YLJRXU�RI�
YHJHWDWLRQ�DW� WKH�/RZ�7HPSHUDWXUH�=RQH�0HGLXP�
VXUIDFH��,W�LV�D�VLPSOH�JUDSKLFDO�LQGLFDWRU�WKDW�FDQ�EH�
XVHG�WR�DVVHVV�ZKHWKHU�WKH�WDUJHW�EHLQJ�REVHUYHG�FRQ-
WDLQV�JUHHQ�YHJHWDWLRQ�RU�QRW��DV�D�UHVXOW��WKH�1'9,�
FDQ�EH�FRQVLGHUHG�DV�WKH�LQGH[�ZKLFK�FDQ�UHÀHFW�WKH�
VLWXDWLRQ�RI� WKH�YHJHWDWLRQ�RI� WKH� WDUJHW��7KHRUHWL-
FDOO\��1'9,�YDOXHV�DUH�UHSUHVHQWHG�DV�D�UDWLR�UDQJLQJ�
LQ�YDOXH�IURP����WR����LW�FDQ�EH�FDOFXODWHG�E\�WKH�SL[HO�
YDOXH�RI�EDQG���DQG�EDQG���RI�WKH�/DQGVDW�LPDJHU\�
IURP�WKH�HTXDWLRQ�EHORZ�

 

�

���8UEDQ�KHDW�LVODQG�E\�/DQGVDW�

����,QWURGXFWLRQ�RI�WKH�/DQGVDW�70�(70��

7KH�/DQGVDW�3URJUDP�LV�WKH�ORQJHVW�UXQQLQJ�H[HUFLVH�LQ�
WKH� FROOHFWLRQ� RI�PXOWLVSHFWUDO�� GLJLWDO� GDWD� RI� WKH� HDUWK¶V�
VXUIDFH� IURP� VSDFH�� 7KH� LPDJHV� WKDW� DFTXLUHG� E\� WKH�
LQVWUXPHQWV�RQ�WKH�/DQGVDW�VDWHOOLWHV��DUH�D�XQLTXH�UHVRXUFH�
IRU�JOREDO�FKDQJH�UHVHDUFK�DQG�DSSOLFDWLRQV�LQ�DJULFXOWXUH��
JHRORJ\�� IRUHVWU\�� UHJLRQDO� SODQQLQJ�� HGXFDWLRQ� DQG�
QDWLRQDO�VHFXULW\�� �
$�7KHPDWLF�0DSSHU��70��LV�RQH�RI�WKH�HDUWK�REVHUYLQJ�

VHQVRUV�LQWURGXFHG�LQ�WKH�/DQGVDW����70�LPDJHV�FRQVLVW�RI�
VHYHQ�VSHFWUDO�EDQGV�ZLWK�D�VSDWLDO�UHVROXWLRQ�RI����PHWHUV�
IRU� %DQGV� �� WR� �� DQG� ��� 6SDWLDO� UHVROXWLRQ� IRU� %DQG�
��WKHUPDO� LQIUDUHG�� LV� DFTXLUHG� DW� ���� PHWHU� UHVROXWLRQ��
7KH� 70� ,PDJH� KDV� EHFRPH� XVHIXO� WRRO� WR� VWXG\� JOREDO�
ZDUPLQJ��FOLPDWH�FKDQJH�DQG�XUEDQ�KHDW�LVODQG��(QKDQFHG�
7KHPDWLF� 0DSSHU� 3OXV� �(70��� ZKLFK� LV� NQRZQ� DV� D�
VXFFHVVRU�RI�70��ZDV�FDUULHG�E\�WKH�VDWHOOLWH�RI�/DQGVDW����
7DEOH� �� VKRZV� WKH� GHWDLOHG� LQIRUPDWLRQ� RI� WKH� FROOHFWHG�
GDWD�LQ������DQG������IURP�WKH�/DQGVDW�SURJUDP��

����'HULYDWLRQ�RI�1'9,�

7KH�1RUPDOL]HG�'LIIHUHQFH�9HJHWDWLRQ�,QGH[��1'9,��LV�
D�PHDVXUH�RI� WKH�DPRXQW�DQG�YLJRXU�RI�YHJHWDWLRQ�DW� WKH�
VXUIDFH��,W�LV�D�VLPSOH�JUDSKLFDO�LQGLFDWRU�WKDW�FDQ�EH�XVHG�
WR�DVVHVV�ZKHWKHU�WKH�WDUJHW�EHLQJ�REVHUYHG�FRQWDLQV�JUHHQ�
YHJHWDWLRQ�RU�QRW��DV�D�UHVXOW��WKH�1'9,�FDQ�EH�FRQVLGHUHG�
DV� WKH� LQGH[� ZKLFK� FDQ� UHIOHFW� WKH� VLWXDWLRQ� RI� WKH�
YHJHWDWLRQ� RI� WKH� WDUJHW�� 7KHRUHWLFDOO\�� 1'9,� YDOXHV� DUH�
UHSUHVHQWHG�DV�D�UDWLR�UDQJLQJ�LQ�YDOXH�IURP����WR����LW�FDQ�
EH�FDOFXODWHG�E\�WKH�SL[HO�YDOXH�RI�EDQG���DQG�EDQG���RI�
WKH�/DQGVDW�LPDJHU\�IURP�WKH�HTXDWLRQ�EHORZ��

���� ൌ
ሺ����Ͷ െ ����͵ሻ
ሺ����Ͷ  ����͵ሻ

 ሺʹሻ�

����5HWULHYDO�/DQG�6XUIDFH�7HPSHUDWXUH�
/DQG� VXUIDFH� WHPSHUDWXUH� �/67�� LV� D� NH\� YDULDEOH� LQ�

FOLPDWRORJLFDO� DQG� HQYLURQPHQWDO� VWXGLHV�� UHODWHG� WR�
VXUIDFH�HQHUJ\�EDODQFH�DQG�WKH�LQWHJUDWHG�WKHUPDO�VWDWH�RI�
WKH�DWPRVSKHUH�ZLWKLQ�WKH�SODQHWDU\�ERXQGDU\�OD\HU��:LWK�
VDWHOOLWH� WHFKQRORJ\�� DQRWKHU� W\SH� RI� /67�� VDWHOOLWH�EDVHG�
VXUIDFH�WHPSHUDWXUH�LV�EHFRPLQJ�DYDLODEOH�UHFHQW�\HDUV��$V�
WR�WKLV�VWXG\��EDQG���RI�WKH�/DQGVDW�LPDJHU\�ZDV�XVHG�IRU�
GHULYLQJ�WKH�VXUIDFH�WHPSHUDWXUH��7KH�VNLQ�WHPSHUDWXUH�RI�
WKH� VXUIDFH� LV� LQIHUUHG� IURP� WKH� WKHUPDO� HPLVVLRQ� RI� WKH�
HDUWK¶V�VXUIDFH�DQG�LV�JHQHUDOO\�DYHUDJH�HIIHFWLYH�UDGLDWLYH�
WHPSHUDWXUH�RI�YDULRXV�FDQRS\�DQG�VRLO�VXUIDFHV�� �
'XULQJ�WKH�SURFHVVLQJ�RI� WKH�/DQGVDW� LPDJHU\��$UF*,6�

ZDV�SXW�LQWR�XVH�ZKLFK�SOD\HG�DQ�LPSRUWDQW�UROH�WR�JHW�WKH�
ODQG�VXUIDFH�WHPSHUDWXUH�E\�XVLQJ�WKH�WRRO�RI�UHWULHYH�/67��
,Q� DGGLWLRQ�� ZLWK� WKH� GDWD� VWDWLVWLFV� DQG� FDOFXODWLRQ�� WKH�

DYHUDJH�YDOXH�RI�WKH�/67�FDQ�EH�JHW�IURP�GLIIHUHQW�UHJLRQV��

����5HVXOW�DQG�DQDO\VLV�

� � 7R� JHW� WKH� GHWDLOHG� LQIRUPDWLRQ� RI� WKH� XUEDQ� KHDW�
LVODQG� HIIHFW� LQ�%HLMLQJ¶V� XUEDQ� DUHD�� WZR� NLQGV� RI� ]RQDO�
VWDWLVWLF� DQG� DQDO\VLV� PHWKRG� ZDV� XVHG� IRU� IXUWKHU�
LQYHVWLJDWLRQ��RQH�LV�WKH�UDVWHU�JULG�DQDO\VLV��WKH�RWKHU�RQH�
LV�UHJLRQDO�DQDO\VLV��
� � 7KH� UDVWHU� JULG� DQDO\VLV�� LV� D� NLQG� RI� DQDO\VLV� WRRO�

ZKLFK�GLYLGH�WKH�WDUJHW�DUHD�LQWR�UDVWHU�JULG��LQ�WKLV�UHVHDUFK��
ZLWKLQ�WKH�%HLMLQJ��WK�ULQJ�URDG��WKH�DUHD�ZDV�GLYLGHG�LQWR�
��.P�JULG�� DQG� DPRQJ� HYHU\�JULG�� WKH� DYHUDJH� YDOXH�RI�

 
)LJ����=RQDO�FODVVLILFDWLRQ�RI�/67�

 
Fig. 10 Classification result in 1995 

 
Fig. 11 Classification result in 2009 
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����5HWULHYDO�/DQG�6XUIDFH�7HPSHUDWXUH
/DQG�VXUIDFH�WHPSHUDWXUH��/67��LV�D�NH\�YDULDEOH�LQ�
FOLPDWRORJLFDO�DQG�HQYLURQPHQWDO�VWXGLHV��UHODWHG�WR�
VXUIDFH�HQHUJ\�EDODQFH�DQG� WKH� LQWHJUDWHG� WKHUPDO�
VWDWH�RI�WKH�DWPRVSKHUH�ZLWKLQ�WKH�SODQHWDU\�ERXQG-
DU\�OD\HU��:LWK�VDWHOOLWH�WHFKQRORJ\��DQRWKHU�W\SH�RI�
/67��VDWHOOLWH�EDVHG�VXUIDFH�WHPSHUDWXUH�LV�EHFRPLQJ�
DYDLODEOH�UHFHQW�\HDUV��$V�WR�WKLV�VWXG\��EDQG���RI�WKH�
/DQGVDW�LPDJHU\�ZDV�XVHG�IRU�GHULYLQJ�WKH�VXUIDFH�
WHPSHUDWXUH��7KH�VNLQ�WHPSHUDWXUH�RI�WKH�VXUIDFH�LV�
LQIHUUHG� IURP� WKH� WKHUPDO� HPLVVLRQ� RI� WKH� HDUWK¶V�
VXUIDFH�DQG�LV�JHQHUDOO\�DYHUDJH�HIIHFWLYH�UDGLDWLYH�
WHPSHUDWXUH�RI�YDULRXV�FDQRS\�DQG�VRLO�VXUIDFHV�
� 'XULQJ� WKH� SURFHVVLQJ� RI� WKH�/DQGVDW� LPDJHU\��
$UF*,6�ZDV�SXW�LQWR�XVH�ZKLFK�SOD\HG�DQ�LPSRUWDQW�
UROH�WR�JHW�WKH�ODQG�VXUIDFH�WHPSHUDWXUH�E\�XVLQJ�WKH�
WRRO�RI�UHWULHYH�/67��,Q�DGGLWLRQ��ZLWK�WKH�GDWD�VWD-
WLVWLFV�DQG�FDOFXODWLRQ��WKH�DYHUDJH�YDOXH�RI�WKH�/67�
FDQ�EH�JHW�IURP�GLIIHUHQW�UHJLRQV�

����5HVXOW�DQG�DQDO\VLV
7R�JHW� WKH� GHWDLOHG� LQIRUPDWLRQ� RI� WKH� XUEDQ� KHDW�
LVODQG�HIIHFW� LQ�%HLMLQJ¶V�XUEDQ�DUHD�� WZR�NLQGV�RI�
]RQDO�VWDWLVWLF�DQG�DQDO\VLV�PHWKRGV�ZHUH�XVHG�IRU�
IXUWKHU�LQYHVWLJDWLRQ��RQH�LV�WKH�UDVWHU�JULG�DQDO\VLV��



114

Wei Chen, Yao Zhang, Weijun Gao

WKH�RWKHU�RQH�LV�UHJLRQDO�DQDO\VLV�
� 7KH�UDVWHU�JULG�DQDO\VLV�LV�D�NLQG�RI�DQDO\VLV�WRRO�
ZKLFK�GLYLGH�WKH�WDUJHW�DUHD�LQWR�UDVWHU�JULG��,Q�WKLV�
UHVHDUFK��ZLWKLQ�WKH�%HLMLQJ��WK�ULQJ�URDG��WKH�DUHD�
ZDV�GLYLGHG�LQWR���.P�JULG��DQG�DPRQJ�HYHU\�JULG��
WKH�DYHUDJH�YDOXH�RI�/67��1'9,�DQG�DYHUDJH�'1�

ZDV�FDOFXODWHG�DV�DQ�DYHUDJH�OHYHO�RI�WKH���.P�JULG��
)LJXUH��� VKRZV� WKH�SURFHVVLQJ� UHVXOW�RI� WKH� UDVWHU�
JULG�DQDO\VLV�LQ������DQG�������)URP�WKH�LPDJHV�RI�
WKH�H[SRUW��ZH�FDQ�JHW�WKH�JHQHUDO�LQIRUPDWLRQ�RI�WKH�
GLVWULEXWLRQ�RI�WKH�WKUHH�SDUDPHWHUV�ZKLFK�GLVSOD\HG�
JULG�E\�JULG��)LJXUH���VKRZV�WKH�FRUUHODWLRQ�DQDO\-

Fig. 5  Result of Raster Grid Analysis 

Fig. 6  Correlation Analysis of 
Raster Grid Analysis

�����'1

�����'1

�����/67

�����/67

�����1'9,

�����1'9,
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VLV�UHVXOW�RI�WKH�/67��1'9,�DQG�DYHUDJH�'1�ZKLFK�
UHÀHFW� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� WHPSHUDWXUH��
YHJHWDWLRQ�DQG�WKH�DYHUDJH�XUEDQL]DWLRQ�OHYHO�
� 7KH� UHJLRQDO� DQDO\VLV�ZDV�FDUULHG�RXW� IURP� WKH�
ULQJ�URDGV�VFDOH�ZLWK�DQ�REYLRXV�UHJLRQDO�GLVSDULW\��

&DUU\LQJ�WKURXJK�WKH�ULQJ�URDG�JULG�DQDO\VLV��ZH�FDQ�
¿QG�WKH�GLVWULEXWLRQ�RI�WKH�WKUHH�SDUDPHWHUV�DVVRFL-
DWHG�WR�WKH�JHRJUDSKLF�GLVWULEXWLRQ��)LJXUH���VKRZV�
WKH�H[SRUWHG�UHVXOW�RI�WKH�UHJLRQDO�DQDO\VLV��LQ�DFFRU-
GDQFH�ZLWK�H[SHFWDWLRQ��WKH�UHVXOWV�LQGLFDWH�DQ�REYL-

Fig. 7 Result of Regional Analysis

Fig. 8  Correlation Analysis of 
Regional Analysis

�����'1

�����'1

�����/67

�����/67

�����1'9,

�����1'9,
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RXV�GLIIHUHQFH�LQ�GLIIHUHQW�UHJLRQ��E\�XVLQJ�WKH�]RQDO�
VWDWLVWLFDO�WRRO��WKH�DYHUDJH�YDOXH�RI�/67��1'9,�DQG�
DYHUDJH�'1�ZDV�FDOFXODWHG�DQG�DSSOLHG�WR�FRUUHOD-
WLRQ� DQDO\VLV� EHWZHHQ� WKHP��ZKLFK�ZDV� VKRZQ� LQ�
)LJXUH���
� 'XULQJ�WKH�XUEDQ�KHDW�LVODQG�VWXG\��WKH�WHPSHUD-
WXUH�GLVWULEXWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�GXULQJ�WKH�
UHVHDUFK�� %\� XVLQJ� WKH� JHRVWDWLVWLFDO� DQG� FODVVL¿-
FDWLRQ�WRRO�LQ�$UF*,6��WKH�LVRWKHUPDO�GLDJUDP�DQG�
]RQDO� FODVVL¿FDWLRQ�RI� WKH� WDUJHW� DUHD�ZHUH�RXWSXW�
WR�GUDZ�WKH�VLWXDWLRQ�RI�WKH�WHPSHUDWXUH�GLVWULEXWLRQ�
LQ�WKH�UHJLRQ��$V�WKH�)LJXUH���VKRZV��E\�WKH�DSSOL-
FDWLRQ� RI� DQ� HTXDO� LQWHUYDO�PHWKRG�� WKH� DUHD�ZDV�
GLYLGHG�LQWR�IRXU�GLIIHUHQW�FODVVHV�E\�GLIIHUHQW�YDOXH�
RI�ODQG�VXUIDFH�WHPSHUDWXUH��7KH�UHVXOW�RI�WKH�FODV-
VL¿FDWLRQ�LQ������DQG������ZDV�VKRZQ�LQ�)LJXUH����
DQG�)LJXUH�����)URP�WKH�UHVXOW��ZH�FDQ�JHW�D�JHQHUDO�
XQGHUVWDQGLQJ�RI�WKH�XUEDQ�KHDW�LVODQG�SKHQRPHQRQ�
GHYHORSPHQW�DQG�WKH�VLWXDWLRQ�FKDQJH�LQ�WKH�SHULRG��
)RU�WKH�SDUW�RI�KHDW�LVODQG�]RQH�DQG�VXE�KHDW�LVODQG�

]RQH��WKH�JULG�QXPEHU�KDG�DQ�LQFUHDVH�GXULQJ�WKHVH�
\HDUV�RI�GHYHORSPHQW��WKH�PHGLXP�WHPSHUDWXUH�]RQH�
DQG�ORZ�WHPSHUDWXUH�]RQH��WR�WKH�FRQWUDU\��WKH�JULG�
QXPEHU�KDG�D�UHGXFWLRQ��,Q�DGGLWLRQ��WKH�WHPSHUDWXUH�
GLIIHUHQFH�EHWZHHQ�WKH�KHDW�LVODQG�]RQH�DQG�WKH�ORZ�
WHPSHUDWXUH�]RQH�DOVR�KDG�DQ�LQFUHDVH�IURP�����&�WR�
�����&�

5. Conclusion
7KH�UHPRWH�VHQVLQJ�GDWD�IURP�WKH�'063�2/6�SUR-
YLGHG�VWURQJ�HYLGHQFH�WKDW�%HLMLQJ�KDG�JRQH�WKURXJK�
D�PDUNHGO\�XUEDQL]DWLRQ�SURFHVV� GXULQJ� WKH� VWXG\�
SHULRG� E\� WZR� DVSHFWV�� WKH� DYHUDJH� OHYHO� RI� WKH�
XUEDQL]DWLRQ�WKDW�UHSUHVHQWHG�E\�WKH�DYHUDJH�GLJLWDO�
QXPEHU�DQG�WKH�XUEDQ�DUHD�UDWLR�WKDW�VKRZV�WKH�XUEDQ�
ODQG�VSUDZO�� ,Q�DGGLWLRQ�� WKH� LQIRUPDWLRQ�IURP�WKH�
VWDWLVWLFV�DOVR�SURYHG�WKH�XUEDQL]DWLRQ�RI�%HLMLQJ�E\�
GHWDLOHG�¿JXUHV��7KH�UHVXOW�RI�WKH�XUEDQL]DWLRQ�LQYHV-
WLJDWLRQ� VKRZV� WKH� FORVH� UHODWLRQVKLS� EHWZHHQ� WKH�
UHPRWH�VHQVLQJ�REVHUYLQJ�DQG�WKH�RI¿FLDO�VWDWLVWLFV�

Fig. 9  Zonal classification of LST
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Fig. 11  Classification result in 2009

Fig. 10  Classification result in 1995
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RQ�SRSXODWLRQ�DQG�HFRQRPLFV�
� 7KH�VXUYH\�RI�XUEDQ�KHDW�LVODQG�FDPH�WR�D�FRQ-
FOXVLRQ�WKDW�WKH�SKHQRPHQRQ�H[LVW�LQ�WKH�FLW\�ZLWK�
VWURQJ� HYLGHQFH��0RUHRYHU�� E\� GLIIHUHQW�PHWKRGV��
WKH�FRUUHODWLRQ�EHWZHHQ�WKH�ODQG�VXUIDFH�WHPSHUDWXUH��
WKH�QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[�DQG�DYHU-
DJH�GLJLWDO�QXPEHU�ZHUH�FDUULHG�RXW�ZKLFK�VKRZQ�
FORVH�UHODWLRQVKLS�EHWZHHQ�WKH�WHPSHUDWXUH�GLVWULEX-
WLRQ��WKH�YHJHWDWLRQ�DQG�WKH�XUEDQL]DWLRQ�OHYHO�RI�WKH�
UHJLRQ��:KDW�LQVSLUHG�XV�IURP�WKH�UHVXOW�LV�WKDW�WKH�
WHPSHUDWXUH�GLVWULEXWLRQ�LV�FORVHO\�UHODWHG�ZLWK�WKH�
YHJHWDWLRQ�VLWXDWLRQ�DQG�WKH�XUEDQL]DWLRQ�OHYHO��7R�
JHW�EHWWHU�WKHUPDO�FRPIRUW�LQ�RXU�KRPHODQG�DQG�WR�
HOLPLQDWH�WKH�KHDW�LVODQG�HIIHFW��WKH�FLW\�VKRXOG�IRO-
ORZ�EDODQFHG�GHYHORSPHQW�ZLWK�PRUH�YHJHWDWLRQ�DV�
SRVVLEOH�

Acknowledgements
7KLV�UHVHDUFK�ZDV�VXSSRUWHG�E\�WKH�1DWLRQDO�%XUHDX�
RI� 6WDWLVWLFV� RI� &KLQD�� WKH� 1DWLRQDO� 2FHDQLF� DQG�
$WPRVSKHULF�$GPLQLVWUDWLRQ�� WKH�8�6��*HRORJLFDO�

6XUYH\��LQ�DGGLWLRQ��WKLV�UHVHDUFK�DOVR�VXSSRUWHG�E\�
WKH�QDWLRQDO�VFLHQFH�DQG�WHFKQRORJ\�VXSSRUW�SURJUDP�
SURMHFW��WKH�WHFKQRORJ\�DQG�GHPRQVWUDWLRQ�UHVHDUFK�
RQ� WKH� VSDWLDO� SODQQLQJ� DQG� PDQDJHPHQW� RI� WKH�
*XDQ]KRQJ�8UEDQ�$JJORPHUDWLRQ�EDVHG�RQ�WKH�HFRO-
RJ\�DQG�FOLPDWH�PRQLWRULQJ��

References
>�@�,VDEHO�.��3DUHV�5DPRV��1RUD�/��$OYDUH]�%HUULRV�DQG�7��0LWFK-

HOO�$LGH��0DSSLQJ�8UEDQL]DWLRQ�'\QDPLFV�LQ�0DMRU�&LWLHV�RI�
&RORPELD��(FXDGRU�� 3HUX��%ROLYLD�8VLQJ�1LJKW�7LPH�6DWHO-
OLWH�,PDJHU\��/DQG�����������������GRL���������ODQG��������
��������

>�@�-RVH��$��6REULQR��-XDQ�&��-LPH�QH]�0XQ×R]��/HRQDUGR�3DROLQL��
/DQG� VXUIDFH� WHPSHUDWXUH� UHWULHYDO� IURP� /$1'6$7� 70��
5HPRWH�6HQVLQJ�RI�(QYLURQPHQW�������±�����������

>�@�1DWLRQDO�%XUHDX�RI�6WDWLVWLFV�RI�&KLQD�KWWS���GDWD�VWDWV�JRY�FQ���

>�@�1DWLRQDO�*HRSK\VLFDO�'DWD�&HQWHU��KWWS���QJGF�QRDD�JRY�HRJ���

>�@�8QLWHG�6WDWHV�*HRORJLFD�6XUYH\�KWWS���HDUWKH[SORUHU�XVJV�JRY���

>�@�;LDR�/LQJ�&KHQ��+RQJ�0HL�=KDR��3LQJ�;LDQJ�/L��=KL�<RQJ�
<LQ��5HPRWH�VHQVLQJ�LPDJH�EDVHG�DQDO\VLV�RI�WKH�UHODWLRQVKLS�
EHWZHHQ�XUEDQ�KHDW�LVODQG�DQG�ODQG�XVH�FRYHU�FKDQJHV��5HPRWH�
6HQVLQJ�RI�(QYLURQPHQW������������������


